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(54) Maslerbatcfi formulation for polyolefin applications 

(57) Mastert)atches comprising high density poly- 
ethylene (HOPE) are used for the production of polyole- 
fin articles, particularly films. Employing HOPE in a 
mastert}atch alone or in oomtnnation with a hydrocar- 
bon resin and/or a polyolefin uftinnately results In 
extnided polyolefin articles of optimal stiffness and duc- 
tility. Employing a high density polyethylene in combina- 
tion with a hydrocartxm resin and a polyolefin in a 
mastert>atch causes the mastertsatch to solidify more 
rapidly and be petletized more efficiently. 
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Description 

Thts invention relates to masterbatches and their method of use for producing pdyolefin articles^ particulariy f 0ms. 
High density polyethylene can be incorporated into the masteibatch atone or in con^ination with a hydrocarbon resin 

5. and/or a poiyolefin and when used in combination with a hydrocartxjn resin causes the masteibatch to soGdify more 
rapidly and t>e peUetized more efficiently Omproved compounding efficiency). These mastetbatches ultimately result tn 
extruded polyolefin articles, such as cast polypropylene films, of optima) stiffness and ductility. 

Polyoief ins are plastic materials useful for making a wide variety of valued products due to their comt>ination of stiff- 
ness, ductility. t)anrier properties, temperature resistance, optical properties, availability, and low cost. Being a semi- 

to crystalline polymer, a number of these important properties such as stiffness, barrier properties* temperature resist- 
ance, and optical properties, depend on the at>ility of the polyol^in to crystallize in the most effective manner, and to 
the desired degree. 

The process for forming a polyolef in product strongly affects the crystallization k>ehavior of the material and its ulti- 
mate properties. For instance, when polypropylene is cast into thin fflm, the polymer cools so quickly that the ultimate 

15 level of crystallinity is reduced by this "quenching" process, and correspondingly the stiffness of the film is reduced. 
Cast polypmpylene films typically exhOMt a stiffness, measured as tensile modulus, of nominally 100 Kpsi. Highly ori- 
ented polypropylene (OPP) films typically exhibit modulus values 2 to 4 times tugher than the values for cast polypro- 
pylene film while non-oriented thick molded articles typically exhibit modulus values non^ly 50 to 100% higher then 
cast polypropylene film. Also when making cast film, it is important that the polypropylene melt sofidify sicMy to promote 

so high production rates, and also that the crystalline regions which are formed are not so large in size that they confer 
haze to the fBm. 

Other molded polyolefin articles, particulariy thin gauge products made by thermofonming, injection molding, or 
blow molding, are sukiject to simOar constraints. Rister crystallization which permits rapid demolding and stiffer prod- 
ucts is desired, as well as good optical properties promoted t>y smaD crystalline domain size. 

25 As a means for improving the stiffness of polyolefbis. the addition of a high softening poirit hydrocarbon resin to 
polyoief ins, suCh as polypropylene, is known. The conposition of the hydrocarbon resin must t>e such that it exhibits a 
significantly higher glass transition temperature (Tg) than the amorphous regions of the polypropylene (Tg around - 
lO^C). and the hydrocartaon resin must be tvghly compatible in the polypropylene. It is k)elieved that the effect of the 
hydrocart>on resin is to increase the Tg of the amorphous polypropylene fraction and by doing so Increase its tensile 

30 modulus at temperatures belcM 38*^C. 

The hydrocarbon resins described above are friatiie solids which exhtoit very low melt viscosity at the temperatures 
normally used to process polyolefin. An effective way to blend hydrocartx)n resin into polyolefin is in a separate com- 
pounding step prior to the final use of the blend. It is difficult to incorporate hydrocart>on resin into polypropylene during 
an actual conversion step (for example film casting, sheet extrusion, etc.) because of the hydrocart)on resins dusting 

35 characteristics and low melt viscosity. A more effective way to incorporate hydrocart>on resin into polyolefin during the 
conversion step is to add the resin in concentrate form as a mixture of resin with polyolefin. U.S. Patent Na 5.213.744 
describes a process d torrrring a concentrate consisting of a simple binary mixture of hydrocarbon resin and polyoletin. 
and using this concentrate as a more effective way of incorporating hydrocaitjon resin into a polyolefin f Dm formulation 
at a level of 5 wt.% to 30 wt.%. 

40 ATthough the stiffening caused by adding hydrocartxin resin is desirable, it can be achieved only by adding high lev- 
els of hydrocattxjn resin (typically at or above 5 v4.%) to the total polyolefin formulation, and only if the softening point 
of the hydrocart)on resin is lOO'C or higher, the stiffening effect increases as the hydrocaitx>n resin content arid soften- 
ing point increase. While the stiffening effect caused ty the addition of hydrocaibon resin to polyolefins, is desirable, 
adding high levels of resin (e.g., above 5 wt.%). has a negative impact on ductility and results in inaeased formication 

45 cost Therefore, it would be highly desiratile to enhance polyolefin stiffness by addition of hydrocartxin resin to the poly- 
propylene at levels below 5 wt.% and preferably below 3 wt%. 

Before further discussion, a definition of the following terms will aid in the understanding of the present invention. 

y^astert>atch - a mixture. of 2 or more ingredients which sinrplifies adding these ingredients to a material as a blend. 
50 rather than as a plurality ol individual ingredients. In the present case nrastert>atch is defined as a Wend of one or 
more ingrecfienls (additives) in the proper proportion by weight with a polymer or mixture of polymers, where the 
total formulation is ultimately added to a secorvJ polymer, which is either the same or differem than the polymer or 
mixture of polymers which comprise the masterbatch. as the means of incorporating the additives imo the second 
polymer. 

55 Additive • An additive is typically a substance added to a polymer which is norvpotymeric in nature, or if it is poly- 
meric in nature is substantially different in type and character from the polymer to which it is added. In the present 
case, additive refers to both the hydrocarbon resin and high density poly^hylene (HOPE) virhich are ultimately 
blended with polyolefin. By our definition. HOPE is considered an additive altfiough it could also be considered a 
polymer in the context of the masteit>atch definition. 
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Pptvolelin Blend - the final formulation resulting from the combination of a mastertjatch with a polyoJef in pdymer or 
rroxture of polymera. Accordingly, the poiydetin polymer or polymers into which the masterbatch is included is 
termed the Uend polyolefin. 

Hydrocartxin Resin • refers to low molecular weight resin products of 10.000 number average molecular weight 
5 (Mn) or less derived from polymerizing feedstocks from the ooal or petrochemical industries^ resin products derived 
from terpene^ rosin, or other feedstocks. Ttvs term will not be used to refer to high molecular weight polymer prod- 
ucts of 50.000 number average molecular weight or more. 

As discussed above, adding a high softening point hydrocaitx>n resin to a polyolefin, such as polypropylene, will 
10 increase the glass transition temperature (Tg) of the amorphous phase of the polyolefin and modify its prop^'es. One 
effect of hydrocarbon resin addition is greater stiffness. However to achieve significant property modification the hydro- 
cartson resin must be added at levels at or above 5 wt.% of the total polyolefin blend. Adding high levels of hydrocarbon 
resin has a negative inpact on ductility and impact properties, increases formulation cost, and slows down tfie crystal- 
lization rate of the polyolefin. It woukf therefore be desirable to achieve the favorable effects o1 hydrocarbon resin addi- 
15 tion at lower hydrocaitxjn re^n add levels. 

The present inventor has discovered that adding low levels of high density polyethylene (HOPE) to a polyolefin, 
such as polypropylene, accelerates the aystalltzation rate of the polyolefin when the high density polyethylene (HOPE) 
is adequat^y dispersed into the polyolefin and the ingredients are effectively added, ft appears tfuit under fast cooling 
conditions the HOPE aystailizes faster than the polyolefin and as the HOPE begins to crystallize it acts as a nudeator 
20 for sut)sequent crystallization of the polyolefin. 

Accordingly, the present invention is directed to masterbatches for modifying polyolef ins in which the mastert>atch 
is a combination of a hydrocarbon resin and a high density polyethylene (HOPE) mixed with a polyolefin polynier, or a 
binary mixture of HOPE with a polyolefin, or a binary mixture of a high density polyethylene and a hydrocartxsn resin. 
The masteit)atch components should be intimately combined utilizing conventional teciinlques such as; dry tilending. 
25 extrusion mixing and meit bisnding and pelletizing. In another emkxxliment. the masteitsatch is provided in pellet form 
by meit k^iending and pelletizing the mastert>atch components. 

Adding HOPE and hydrocartx)n resin to a polyolefin polymer as a masteibatch prior to extrusion of the article 
results in faYorat)le characteristics in the f inal article. 

Additionally, the present inventor has discovered that adding low levels of HOPE to a polyolefin, as a masteft>atch, 
30 without the hydroca/txm resin, gives desirable property modiflcalions to the finished product 

In each case, the ingredients and proportion by weight of the ingredients in the rmstert>atch are such ttial they 
become intimately mixed into a formulation during the final processing step to make a f inaJ article. 

In an embodiment of the presem invention the masteft>atch for nx)difying polyolefin polymers comprises 10 to 90 
wt.% high densrty polyethylene and a hydrocartx)n resin alone or in combination with a polyolefin. The polyolefin may 
35 be present in a concentration of up to 85 v^.% of the total mastertsatch and can be any a olefin polymer comprised of 
monomers containing from 2 to 8 carbon atoms with propylene polymers t>etng most preferred. The polyolefin may be 
an ethylene polymer with a density up to 0.930 g/cm^. in anotiier embodiment the polyolefin is selected from the group 
consisting of polypropylene and polymers of polypropylene with up to 20 wt.% of monomers selected from the group 
consisting of ethylene and C4 to Cs mono a olefin. 
40 The polyolefin in ttie mastert>atch is selected to be similar to the blend polymer, or if signiticantiy different from the 
blend polymer, to be present in low levels in the mastertiatch so that it is incorporated at low levels (less than 5 wt.%) 
in the final blend. 

The hydrocart»n resin and high density polyethylene may be present at a combined concentration of 15 to 100 
wt.% of the total masterbatch, and the hydrocarbon resin and high density polyethylene may t>e in a relative proportion 
45 by weight of between 0:1 to 10:1 in the masterbatch, provided the concentration of high density polyethylene never 
exceeds 40 wt% of the total mastertiatch unless the weight ratio of hydrocartxin resin to high density polyethylene in 
the mastert>atch is at least 0.5:1 or greater. 

In another eirtafimem of the mastert>atch. the high density polyethylene has a density greater than 0.935 g/cm^ 
and a melt index greater than 1 .0 gAlO min., while the hydrocart)on resin is an aliphatic compatible resin of rumt)er aver- 
so age molecular weight of 10.000 or less with an odorless mineral spirit (OMS) doud poim of less than O'^C and a ring 
and ball softervng poim of 1 00"C or above (obtained through use of ASTM 28-67). In another mastertiatch embodiment, 
the hydrocartx>n resin is an aliphatic compatible resin having an OMS doud poim of less than -40*'C. 

Odoriess mineral spirit (OMS) doud poim was determined through ttie fdtowing test. Ten (10 wt.%) weight percent 
of a resin is placed In a test tUbe oontaining ninety (90 wt%) weight peroem of an odorless mineral spirit (OMS) which 
ss is Shell-Sd 71 (available from Shell Chemical C^ornpany, Houston, Tx). The test tube containing the sample is heated 
until a dear solution is formed. The solution is then cooled until turbicfity of the solution is ot)served. The onset of tur- 
bidity is recorded as the initial cloud point Cooling of the solution is continued until the solution is completely tuibid. The 
final doud point is ttie point at which total turtMdity is observed. 

In additional embodiments of the mastertsatch, ttie high density pdyettiylene can have a density greater than 0.950 



3 



EP0796884A2 



gtem^ or a density greater than 0.960 gfcxr? and a meH index greater than 5.0 g/iO min. or greater than 10.0 g/lO ntin., 
respecthreiy. tn another ma8tert>atch embodiment, the high dersity polyethylene has a density of .950 gforvP or greater 
and a meR indac between 10 to 30 g^lO min. 

In another entofimem. the mastert>atch may comprise a hydrocarbon resin and a high density polyethylene in a 
5 proportion by weight of hydrocarbon resin to high density potyethytene of 0.5:1 to 

In one embodiment the masterbatch cornposition comprises a polypropylene, for exarrple polypropylene homopol- 
ymer. as the polyoldin. 

In another embodiment, the mastertiatch for modifying polyolefin polymers comprises 5 to SO wt.% high density 
polyethylene. 30 to GO wt% hydrocartxvi resin and 10 to 45 wt% polypropylene. In another embodiment the master* 

to batch for modifying polyolefin polymers comprises 5 to 25 wt% high density polyethylene. 40 to 60 wL% hydrocarbon 
resin and 25 to 45 wL% polypropylene. For example, a mastertMrtch for mocfifying polyolefin polymers may comprise 15 
wt.% high density polyethylene. 50 wt% hydrocarbon resin and 35 wt% polypropylene. In another embodiment, the 
masterbatch for modifying polyolefin polymers comprises 40 wL% high density polyethylene. 40 wt.% hydrocarbon 
resin and 20 wt% polypropylene. 

15 In yet another en'ibodiment. the mastert)atch tor modifying polyolefin polymers comprises 1 5 to 50 wt% high derv 
sity polyethylene and 50 to 85 wt% potypropytena Other embo^ments include 40 or SO wt% high density polyethylene 
and 50 or 60 wt% polypropylene. In arKTther embodiment, the masterbatch for modifying polyolefin polymers comprises 
30 wt.% high density polyethylene and 70 wt.% polypropylene. 

The present invention Is also directed to modified polyolefin blend compositions which result from blending the 

20 ingredients of the masterbatch described above into a polyolefin polymer using conventional equipment such as a twirh 
screw extruder. 

Accordingly, in another emt>odiment of the present invention, a modified polyolefin composition is comprised of a 
polyolefin, 0.3 to 4.0 wt% of a high density polyethylene anj up to 5 wt% of a hydrocarbon resin. In the modified poly- 
olefin composition, various polyolefins can be utilized, for example a polymer comprised of a mono-atpha oldin contain- 
2S ing from 2 to 8 carbon atoms, with prcpytene polymers being preferred. The polyolefin may be an ettiylene polymer with 
a density less than 0.930 g/cm^. In one embodiment, the polyolefin is selected from the groip consisting of polypropyl- 
ene and polymers of polypropylene with up to 20 wt.% of mtonomers selected from the group consistir^ of ettiylene and 
C4 to Cs mono a olefin. 

In one embodiment of the modified polyolefin blend, the high density polyethylene has a density greater than 0.935 
30 g/cm3 with a melt index greater than 1 .0 g/1 0 min. In additional embodiments of the tslend. the high density polyetfiylene 
can have a density greater than 0.950 g/cm^ or a density greater than 0.960 g/cm^ and a melt index greater than 5.0 
g/10 min. or greater than 10.0 g/10 min.. respectively In modified polyolefin blend, the high density polyethylene has a 
density ot .950 g/cm^ or greater and a melt index between 10 to 30 g/l0 min. 

In arrather embodiment of the modified polyolefin blend composition, the modified polyolefin composition 00m- 
35 prises 1 .5 to 2.5 wt.% of a high density polyethylene and 2 to 3.5 wt.% of a hydrocartson resin, wherein the polyolefin 
comprises polypropylene. 

In the nrxxjffied polyolefin composition, the hydrocartXKi resin may be an aliphatic compatble resin with Mn of 
10,000 or less having an odoriess mineral spirit {QMS) cloud point of less than O'^C and a ring and k>all softening point 
of 100^C or above. Additionally, the modified polyolefin composition may conrprise an aliphatic compatible hydrocarbon 
40 having an odorless mineral spirit (OMS) doud point of less than •40"C. 

In one embodiment, the modified polyolefin composition comprises a polypropylene homopolymer as the polyolefin 
modified by a mastert>atch comprising a hydrocart)on resin and a HDPE. In one embodiment the polyolefin composi- 
tion may be modified by combining 6% of a mastertiatch comprised of hydrocartx>n resin and HDPE with the blend poly- 
olefin. The modification of the polyolefin by the addition of low levels of hydrocartx}n resin and HDPE achieves several 
45 enhanced properties. 

First the addition of low levels of hydrocarbon resin and HDPE increases the tensile modulus value of the pdyolef in 
by 15 to 70% above the value of the pcdyolelin polymer itself. More typically, increases of 20 to 50% are achieved t^y this 
nxxlHication. A principle, but not exclusive, use for formulations of this type is in cast film where higher stiffness is a 
desirable quality. 

50 Secondly, modified polypropylene blends altered in this manner realize improved crystallization behavfor where the 
blerxj will solidify (crystallize) from the meH faster and/or in a <fifferent manner than the unmodified polypropylene. This 
effect is important in many fabrication processes such as film production, blow molding, injection nralding, and sheet 
thernwforming where productivity and optical quality depend on the speed and nature of the crystallization process. 
Accordingly, the modified triends are useful for forming various articles such as film, fibers, bottles* molded articles and 

55 sheets. 

Finally, with regard to the modified polypropylene blend, the addition ol the hydrocaitx)n resin and HDPE modifiers 
does not deteriorate the optical properties of the tilend, and in many instances improves optical quality Thin (1 to 4 mils 
thick) cast films made from these modifiad potypropytene formulations dononstrate excellem clarity, low haze values 
(less than 5% as measured by ASTM D-1003). and also high 45* gtoss values of 70 to 90% (measured by ASTM D- 
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2457). This last effect was especially une3qf>ected. Intuitively, it is eiqdected that adding HOPE to polypropytene will 
increase haze substantiaOy and lead to surface roughness and poor gloss. However, good optical properties are 
retained or improved by the incorporation of low levels of an effective grade of a high density polyethylene if it is inti- 
mately c&speised in the final polypropylene blend in accordance with the present invenfion. 

5 Additional aspects of the present invention are directed to the process and resulting potydefln artides formed from 
polymer blend compositions resulting from mixing a masteitoatch as described above into a polyolefin and the sutsse- 
quern blending and extrusion of the modified polyotefin to form a polyofef n article. 

Accordingly, the present invention is directed to a process for produang a polyolertn article comprising providing a 
masterbatch may comprise 10 to 90 wt% high density polyethylene and at least one member selected from the group 

10 consisting of pdydef in arxl hydrocarbon resin. 

The polydefin may be present at a concentration of up to 85 wL% of the total mastert)atch and various pblyolefins 
can be utilized, for exan^le a polymer conprising mono-alpha olefin monomers containing from 2 to 8 cartxyi atoms 
with propylene polymers being preferred. The polyolefin may be an ethylene polymer with a density up to 0.930 g/crrP. 
In one embodiment the polyolefin is selected from the group consisting of polypropylene and polymers of pdypropyl- 

15 ene with up to 20 wt.% ol monomers selected from the group consisting of ethylene and C4 to Cg mono a olefin. 

The hydrocartxm resin and high density polyethylene may be present in at a concentration of 1 5 to 100 wt% of the 
total masteitKitch, and the hydrocartxm resin and high density polyethylene may l)e present in a proportion by woght 
of 0:1 to 10:1 in the masterbatch. provided the concentration of high density polyethylene never exceeds 40 wt% of the 
total masterbatch mixture unless the weight ratio of hydrocarbon resin to high density polyethylene in the masteit)atch 

» is at least 0.5:1 or greater. The mastert>atch may be melt t>lended and pelletlzed. The mastert>atch is subsequently 
mixed with polyol^in to form a polyolefin blend which is then extruded to form a polyoldin article. 

In one embodiment of the present invention, the polyolefin blend extruded to form the polyolefin article comprises 
2 to 25 wt.% of the mastertsatch. with 4 to 10 w1.% of the masteft>atch being preferred, and additionally comprises 0.3 
to 4.0 high density polyethylene and up to 5 wt.% hydrocarbon resin. In one embodiment the polyolefin blend 

25 comprises 6% of the mastert>atch. In another embodiment of the present method, the high density polyethylene has a 
density greater than 0.935 g/cnr' and a melt index greater than 1.0 9/10 min. and the hydrocartxin resin is an aliphatic 
compatitde resin with a numt>er average molecular weight 10,000 or less vn'th an odorless mineral spirit (OMS) doud 
point of less than 0^*0 and a ring and ball softening point of 10b*'C or above. 

In a further embodin^ of the present process, the masterbatch comprises a hydrocarison resin and a high density 

30 polyethylene in a proportion by weight of hydrocartMn resin to high density pdyettiylene of 0.5: 1 to 4: 1 . 

In still another embodiment of the present method, the nesteft}atch comprises 4 to 10 wt.% of the polyolefin blend, 
with 6 wt% being preferred. 

In another method emtxxliment. the polyolefin blend comprises 1.5 to 2.5 wt% high density polyethylene and 2 to 
3.5 wt% hydrocartxiri resin. 

35 In a process emtxxiiment the polyolefin polymer comprises polypropylene, such as a polypropylene homopolymer, 

in the mastertratch and the final polyolefin blend. 

In an embodiment of the process, the nusterbatch comprises 5 to 50 wt.% high density polyethylene, 30 to 60 wt.% 

hydrocarbon re^n and 10 to 45 wt.% polypropylene and the polyoldin in the polyolefin blend comprises polypropylene. 

In another embodiment, the mastert>atch comprises 1 5 wt% high density polyettiyiene. 50 wt.% hydrocartxm resin arxJ 
40 35 wt.% polypropylene and the polyolefin in the polyolefin blend comprises polypropylene. In another embodiment the 

mastert»tch comprises 40 wt.% high density polyethylene. 40 wt% hydrocartx)n resin and 20 wt.% polypropylene arxi 

the polyolefin in the polyolefin blend comprises polypropylene. 

In another embodiment of the process, the masterbatch comprises 15 to 50 wt.% high density polyethylene and 50 

to 85 wt% polypropylene and the polyolefin in the polyolefin blend comprises polypropylene. In another emtxxJiment 
45 the masteitutch comprises 40 or 50 wt.% h'^h density polyethylene and SO or 60 wt.% polypropylena In another 

embodiment, the mastertsatch comprises 30 wt% high density polyethylene and 70 wL% polypropylene and the poly- 
olefin in the polyolefin blend comprises polypropylene. 

In another embodintem ol the present invention, polyolefin articles are produced according to the atxive method. 

Polypropylene articles which are cooled very quicMy. such as cast film, benefit from an additive wNch enhances stiff- 
so ness by increasing the crystallization level in the film. Ukewise other thin molded artides. where optical properties and 

stiffness are important attributes, benefit from an additive which favorably affects the crystallization process and also 

enhances product stiffness. Accordingly, polyolefin artides which benefit from the composition and methods of the 

present invention indude. blow molded polypropytene products, thermoforn^atjle polypropylene sheet products and 

polypropytene fiber products. 

5s In aiiother embodiment the extruded polyolefin artide is a film wfiich comprises a high density polyethylene and at 
least one member selected from the group consisting of polyolefiri and hydrocart)on resin. f=br example, the film may 
comprise high density polyethylene, polyolefin and hydrocart)on resin or a high density polyethylene and polypropytene. 

The polydefn in the iftm may comprise a polymer comprising mono-alpha olefin monomers containing 2 to 8 car- 
bon atoms. In another ennbodimtent the pdyolef in comprises polypropylene. 
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In the first aspect of tfie present invention, there are provided masterbatches oomprising a potyoleTm and a Ngh 
density polyethylene: a hydrocarbon resin and a high density potyethylene and a oonAnnation o! a polyolelin. a high 
density polyet^ana and a hydrocarbon resin, in which the components of the niasterbatch are present in amounts 
effective to inaease the stiffness of the final polyolefin containing article. The masteibatch formulation may be used in 

5 polypropylene applications, such as in cast polypropylene films, but is not exclusively Dmited to this area. The master- 
batch must be mixable with the pdydelin prior to the processing step and be unifbrmly mixed into the final product (e.g. 
cast film) by being homogenized into the product during the processing (typicaOy extrusion) step. 

Hydrocaibon resins suitable for use as additives in the mastert^atch are aliphatic oonpalii)(e products derived from 
rosin, terpene, or hydrocarbon feedstocks having a ring and ball (R&B) softening point of TO^^C or above. These hydro- 

70 cartran resins have a number average molecular weight (Mn) as measured t>y vapor phase osnrKxnetry below the 
molecular weight of the polyolefin. Suitable hydrocarbon resins have a number average molecular weight less than 
10,000. with hydrocaft3on resins of Mn less than 5.000 being preferred, for example hydrocartxsn resins of at least 500 
to 2000 Mn. Hydrocartx>n resins include aliphatic conrpatible resins with an odorless mineral spirit (OMS) cloud poim 
of less than 0°C. but preferably less than -WC, and with a R&B softening point of 100°C or above, with fully hydrogen- 

15 ated terpene or hydrocart)on resins having a softerung point Of 120^C or higher being prefened and those with a R&B 
softening point of between 135*C and 160"C being most preferred. Examples of hydrocartaon resins include REGAL- 
ITE® R-125 Resin, REGALREZ® 1139 Resin, and REGALREZ® 1128 Resin, which are hydrogenated resins with a 
R&B softening point of above 1 20*0, all of which are available from Hercules Incorporated. 

A hydrocarbon resin for use in tNs application are fuDy hydrogenated hydrocarbon resins with a R&B softening 

20 point greater than 135*'C. For example. REGALREZ® 1 139 hydrocarbon resin (available from Hercules Incorporated) 
is a low molecular weight hydrogenated hydrocarbon resin which exhibits a Ngh Tg (around 90''C) and is highly com- 
patible with aliphatic polymers. Other similar hydrdcartm resins exhibiting low molecular weight aliphatic compatSMBty, 
and high softening point can also be used with similar effectiveness such as those hydrocartx>n resins descrit>ed in U.S. 
Patert Na 5.213.744. 

25 When utBized in a masteibatch. the hydrocarbon resin is believed to act as a 'diluent' which compatibiHzes the mix- 
ture of the two dissimilar polymers. The hydrocaitx>n resin also acts to reduce the melt viscosity of a polymer master- 
batch, which improves the ability to thoroughly disperse the ingredients of the mastert>atch into the final bler^. When 
added to polypropylene, the hydrocartjon resin associates with the amorphous phase of the polyolefin and raises the 
Tg of the polyolefin amorphous phase and ultimately its rrxxlulus. 

30 High density polyethylene polymers suitable as additives for the mastertsatch are those having a density greater 
than 0.935 g/cm^. Preferably the density should be greater than 0.950 g/cm^. with the most preferred HDPE having a 
density of 0.960 g/cm^ or greater. The % crystailinrty of the HDPE inaeases with increasing density, and thus density 
is a coarse measure of the ability of the HDPE to initiate crystallization. 

The effectiveness of HDPE is dependent on achieving a thorough and finely dispersed distritxjtion of HDPE 

3S throughout the final polyolefin blend. As a result, the effectiveness of the HDPE is dependent on the degree of disper- 
sion of the HDPE in the masterbatch. combined with the effectiveness of the mastertjatch in dispersing the HDPE 
tfuoughout the polyolefri blend. 

In order to be effectively dispersed in the mastert>atch formulation, the molecular weight (M W) of the HDPE should 
be suitably low. Melt index (Ml) (ASTM 0-1238, 190-C and 2.16 Kg. load) is a good indicator of relative molecular 

40 weight and flow. HDPE grades effective in this appfication should have a Ml greater than 1 .0 g/10 mia. and preferably 
above 5.0 g/10 min. Most preferred are grades of HOPE vkrith a Ml greater than 10 g/10 min. For example, an effective 
grade of HDPE is a grade having a Ml value between 10 to 30 g/10 min. (190*C. 2. 16 Kg.) and a density of 0.950 g/cm^ 
or greater. HDPE having a lower MW and higher flow is desirable because both factors make it easier to disperse HDPE 
throughout the polyolefin in finer and more numerous domains. However if the Ml is too high, the melt fluidity can t>e 

45 excessive and hinder effective dispersion of the HOPE into the polyolefin. HDPE with the highest density displays the 
fastest and most complete crystallization behavior. HDPE which exhibits a strong affinity to crystallize is desirable. A 
highly effective HDPE for use in this invention is ALATHON H661 1 polymer (from Lyondell Petrochemical Conpany) 
which has an Ml ol 1 1 .0 g/10 min. and a density of 0.965 g/cm^. 

Although not being restricted to a particular mechanism, it is believed that the function of the HDPE in the master- 
so batch formulation is to modify the aystallization behavior of the polyolef in. preferably homo-polypropylene. The HDPE 
does not function as a bulk alloying ingredient, which is its function in conventional applications but rather behaves like 
a nudeator; an agent which can accelerate the crystallization rate or change the crystallization behavior of a material, 
even when used at very low levels. 

Desirable masterbatch conposrtions oomain additive concentrations which incorporate suffidenl quantities of high 

55 density polyethylene polymer in conjunction with a hydk'ocarbon resin and/or a polyolefin to achieve desired blend com- 
positions with enhanced properties. In the masteit>atch formulation both the high softening point hydrocartson resin and 
the HDPE are considered active ingredients or additives. The concentration of active ingredients in the masteibatch can 
range from 5 wt% to 100 wt%. The one range of active ingredients is from SO wL% to 100 wt.%. Accordingly in one 
embodiment, the additives are present in the mastert>atch at a level of 15 to 80 wt.% while the polyoielin is 20 to 85 
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wt%. In another embodinnent the additives are present at 1 5 to 1 00 wL% wtule polyolef in levels of tlie masteibatch are 
0 to 85 wt.%. In another embodiment, additives in the masteibattih are present at 80 WL%. while the mastertoalch lerels 
of the polyolefin is 20 wt.%. 

The acceptable proportion by weight of hydrocarbon resin and HOPE wNch will give the required property modili- 

5 Gabon, range from a hydrocarbon resin/HDP E weight ratio of 0/1 (no resin added. 100% HDPE as the active agent) to 
a weight ratio of 10/1 . One range of compositions is between a hydrocarbon resin/HDPE weight ratio of 0.5/1 to 4/1 . In 
the masterbatch formulation the concentration of HOPE should never exceed 40 wt% of the total mixture unless the 
weight ratio of hydrocarbon resiiVHDPE is 0.5/1 or greater. 

In the masterbatch formulation, various polyol^ns can be utaized. for example a polymer comprised of mono^lpha 

10 Mm monomers containing 2 to 8 caston atoms, with propylene pdymers being pr^en-ed. The polyoleftn may be an 
ethylene polymer with a density less than O.dSO gAcm^. In another embodiment the pdyolefin is selected from the group 
consisting of polypropylene and polymers of polypropylene with up to 20 wt.% of monomers selected from the group 
consisting of ethylene and C4 to Cb mono a olefin. Accordingly, the polyolefin polymer may comprise a homopolymer 
of a to Cs olefin or a copolymer of two or more Cs to Ca olefins, including but not limited to. propylene, butene-1 . 

15 hexene and 4-methyl pentene-i . The present invention can also employ a random copolymer of ethylene and propylene 
such as an tsotactic propylene-ethylene copolymer with a density of from 0.86 to 0.92 g/cm^ as measured at 23''C 
according to ASTM DISCS and a melt flow index of from 2 to 15 g/10 min. as determined according to ASTM D1238 
(conditions at 230"C and 2.16 kg.). The propylene copolymers may be syrrthesized by employing conventional polym- 
erization methods employing catalysts such as AICI3 and riCt4. Polyolefins that fit within the atxive definition are 

20 desaibed in US. Patent No. 5,2 1 3.744. The polyoleftn portion of the ma5tert)atch is selected to be sirnilar to the poly- 
mer to which the melt blend will be added, or if signfficantly different, to be present at amounts in the mastertMtch so 
that it is present at levels below 5 wt.% in the polymer artide. 

With respect to mastert>atch formulations used tor film applications, various grades 0I polypropylene polymer are 
preferred, for example a high molecular weight stereoregular semi-crystalline polypropylene. H strffer cast polypropyl- 

2S ene film is desired, the use of potyprc^ylene homopolymer is most preferred. Polypropylene melt flow rates (230*'C, 
2.16 Kg. load) of from O.Sto 50 g/10 min. can t^e utilized in the present invention, with between 2 to 10 g/10 rran. being 
preferred and a MFR of t>etween 2.0 to 5.0 g/10 min. being the most preferred. 

The melt flow rate (MFR) of the masterbatch and the MFR of the polyolefin blend polymer help to determine the 
efficiency with which the mastert>atch is distributed into the polyolefin. If the polyolefin blerxJ polymer exhibits a low 

30 MFR, the mastert)atch will be best distributed if it also exhibits a MFR typically between 2X and 20X the value of the 
polyolefin polymer. If the blend polymer has a higher MFR. then a mastert>atch formulation with a MFR higher than the 
pre/ious case is desirable, again nominally 2X to 20X the MFR of the polyolefin polymer into which the niastert>atch will 
be combined. 

The masterbatch formulations of this invention can be used to produce ranges of polyoldin blend compositioris 

35 containing high density pdyethylenes alone or in combination with a hydrocartx)n resin which exhibit enhanced 
mechanical and optical properties. These polyolefin cornpositions can be particularty useful in cast film applications. 

The polyolefin blend should incorporate the necessary additives at masteibatch add levels between 2 to 25 wt%. 
with 4 to 10 wt% being prefened and between.4 to 8 wt.% being most preferred. 

The polyolefin tH&vi polymer in the final polymer formulation conprtses any grade of polymer or blend of polymers 

40 as described above for the mastert>atch. which can t^e altered to the described degree by the modifiers (e.g.. hydrocar- 
bon resin and HDPE) present in the masteit?atches. For example, the pdyoleftns employed in the final blend used to 
make the extruded product, for example a film, nnay be selected from one of the above mentioned polyolefins recited as 
being suitable in the masterbatch. Although the polyolefin used in the mastert>atch and the polyolefin used tn the blend 
may indeed differ. It is preferred that they be similar. In one embodiment the present invention is directed to a final pol- 

45 ymer formulation comprising polypropylene polymer modified by the addition of mastert)atches containing low levels of 
HDPE alone or in conjunction with a hydrocart)on resin. The resulting polyolefin blend exhibits improved properties 
compared to the properti^ of the polyolefin polymer alone. In another embodiment, the formulations are comprised of 
a polypropylene modified t>y melt trending with low levels of hydrocartx>n resin and HDPE. The final blend exhibits any 
or all of the following properties, A) Modulus values which are 15 to 70% greater than the value of the unmodified poly- 

50 propylene polymer. B) Superior crystallization behavior, and C) Haze values conparable to or t>etter than the unmodi- 
fied polypropylene. 

Polypropylene homopolymer is most effectively modified by the additives desabed above and is prefenred in cast 
film application of this invention. In cast films, polypropylene homopolymer having a MFR of 2 to 10 g/10 min. (230*C. 
2.16 Kg.) is preferred. A typical MFR fOr polypropylene homopolymer used in cast film applications, for which this tnven- 
55 tion is particularty directed, is nominally 7 g/10 mia At hydrocarkx)n resin add levels of 5 wt.% or more, the hydrocartx)n 
resin would have adverse effects on ductility and impact properties. Because of this latter constraint it is prefen^ed that 
the hydrocarbon resin be incorporated into the final polyolefin (&g. polypropylene) formulation at hydrocarbon levels of 
from 0 to 5 wt%, but preferably at levels of 2 to 3.5 wL% of the final propylene blend. 

While it is known that high softening point hydrocarbon resins added to polyolefins. preferably polypropylene, can 
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increase the modulus of the pdyoiefin, the present inventor has discovered that coni»ning low levels of HOPE with low 
te/els of hydrocaiten re»n is an even more effective way to stiffen polyolefins such as polypropylene. WHIe investigat- 
ing this issue, it was surprisingly learned that the addition of tow levels of HOPE alone to polyolefins can also suljstan- 
tiaHy stiflen the pdyoiefin. It is indeed surprising that the abo/e-f edted low levete of HOPE added to polydefin reafizes 
5 a significant improvement in the mechanical properties of the potyolefin as demonstrated in the exanrples below where 
the addition of between .7 to 3 wt.% HOPE (more preferably 1 .5 to 2.5 wt% HOPE) to polypropylene increased the ten- 
sile modulus of the material by 20 to 50%. Low HOPE add levds are therefore preferred because at higher HOPE levels 
the enhancement in polyolefin properties is tost and/or other negative attr^utes caused by the presence of HOPE are 
observed. 

to In one embocfiment of the invention the HOPE can be incorporated into the modified polypropylene formulation at 
a level ranging from 0.3 to 4.0 wt%. with HOPE addition of 0.7 to 3.0 wt% being prefened and an HOPE addition of 
from 1.5 to 2.5 wt% being most preferred. At lower HOPE levels (e.g. below 0.3 wt%) it is difficult to reproducftily affect 
the mechanical properties of the polypropylene formulation even when good dispersion exists. At higher levels (e.g., 
above 4 wt.%) the domain size of the HOPE increases with increasing add le/els. causing an Increase in haze and a 

15 decrease in ductility. 

Accordingly, another embodiment is directed to the incorporation into a polypropylene polymer of 2.0 to 3.5 wt% 
of high softening point hydrocartson resin along with the required low level of HOPE, which is preferably added at 0.7 to 
3.0 wL% level. Additionally, the properties of polypropylene polymers can also be suksstantially enhanced by mixing low 
levels of HOPE into the polypropylene, typically at levels between 0.7 to 3.0 wt.%. exclusive of the use of the hydrocar- 
20 bon resia 

The present invention wiD be further illustrated by way of the fbUowing Examples. 
Examples 1 to 3 

2$ In Comparative Examples i and 1 6. a 50/50 mixture con^rising REGALREZ® 1 139 hydrocarbon resin, manufac- 
tured by Hercules Incorporated, and HIMONT PD-403 polypropylene homopolymer (obtained from Himont Incorpo- 
rated) was compounded using a BRABENDER D-6 nrodel twin-screw extruder which contain two counter rotating 
intermeshing twin screws which are run at approximately 100 RPM. The tenperature of the extruder at feed is approx- 
imately 150*C and the temperature of the extruder at the nozzle is approximately 220*C. The extruder is run under 

30 starve feeding conditions in order to maximize residence time in the extruder. Under these conditions, the sample was 
mixed in the extruder for approxinrBtely 2 to 5 minutes in order to corr^pletely melt and honKjgenize both components 
before subsequently being peHetized. 

In Example 2 a mixture off REQALREZ® 1 1 39 hydrocartttn resin (50%) combined with PD 403 Polypropylene from 
Exxon Chemical (35%) and ALATHON M6210 HOPE from LyondeO (15%) was dry blended and subsequently melt 

35 homogeruzed and peDetized using a twin-saew extruder in the same fashion as in Exanple 1 . 

In Example 3 a 70/30 mixture of PD 403 Polypropylene and ALATHON M-6210 HOPE was likewise compounded 
as in Examples 1 and 2. In Example 1 B. a masterbatch was made according to the process of Example 1 except that 
the polypropylene used was ESCORENE 4292 Polypropylene which was a 2.0 MFR grade of polypropylene manufac- 
tured by Exxon Chemicat. 

40 Each product desabed in Examples 1 to 3 was ultimately extruded as a strand into a 2 foot long water bath to solid- 
ify the melt k>efore pelletization. It was noted that the high level of REGALREZ® 1 139 hydrocarbon resin in Example 1 
slowed down the aystallization/solidif ication process such that the strand was not rigid enough to chop cleanly until 40 
seconds time elapsed after exiting the chill bath. In Example 2 the presence of the HOPE accelerated the solidification 
process such that tiie strand was rigid and could t>e cleanly chopped 20 seconds after exiting the cooling bath. In Exam- 

45 pie 3. containing no hydrocart)on resin, the strand was rigid enough to pelletize immediately after exiting the cooling 
bath. 



so 


Example 


RR 1139 Resin 
Content 


HOPE Content 


Strand Velocity 
(ft/sec.) 


Required StrarKl 
Length (Cooling 
Bath-Pelletizer) 


Required Solidif i- 
cation Time (Pel- 
letizer-Cooling 
Bath) 




1.1B(comp.) 


50% 




15 


10 ft. 


40 sec. 


55 


2 


50% 


15% M6210 


15 


5 ft. 


20 sec. 




3 


50% 


30% M6210 


15 


Oft. 


Osec. 
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The slow solidirication of Cornparative Examples 1 and 1 B made it diffiadt to efficiently convert tNs mixture into pel* 
let form. The faster solidification caused kiy the addition of the ALAT>40N M>6210 HOPE in Example 2 made the process 
more efficient 

5 &cannples4tp7 

In Example 4. a cast film sample vwas prepared by extruding ESCORENE 4193 cast film grade polypronrlene avail- 
aUefrom Exxon Chemical Corporation having a MFR of 7.5 g710 min. through a 6' wide filmdie using a 3/4* Brabender 
single screw extruder. The molten polymer was cast onto a metal chill roll cooled with 40*'C water and drawn down to a 
10 1 .5 mil thickness by adjusting the surface velocity of the casting roUs relative to the extrusion rale of the polymer. 

In Exainple 5 a 94/6 mixhjre of ESCORENE 4193 PP combined with 6% of the REGALREZ® 1 139 corKentrate of 
Example 1 was extruded into 1.5 mil cast film under identical conditions used to prepare the fBms of Example 4. In tftis 
and sulisequent Exanples blending of the additives from the concentrate into the polypropylene matrix is accorrpfished 
during the film extrusion step. 

15 In Exanple 6. similar tarns were produced where a compound containing 8% of the (REGALREZ 1139 •«- HDP^ 
concentrate of Exarrple 2 was extruded into film under the same conditions as Examples 4 and 5. 

In Example 7» cast films were prepared under conditions identical to the previous Examples where a 94/6 mixture 
of Esoorene 4193 with the concentrate of Example 3 being used. The tensile properties of each of the film sanples of 
Examples 4 to 7 were measured as listed in the table below. 

20 



25 



Exanple 


Additive 


%RR-1139 


%HDPE 


Haze (%) 


Yield Stress (Kpsi) 
MD/TD 


Tensile Modulus (Kpsi) 
MD/TD 


4(comp.) 








5.7 


3.04/3.13 


102/114 


5(oomp.) 


e%.i 


3 




5.7 


3.40/3.07 


129/121 


6 


6%. 2 


3 


0.9 


8.2 


3.63/3.49 


135/135 


7 


6%. 3 




1.8 




HOPE Gels 


HOPE Gels 



30 



The films of Example 5 containing REGALREZ 11 39 hydrocartxjn resin exhibited higher stiffness (tensile modulus) 
and higher MD yield stress than the films prepared in Example 4 containing no hydrocartjon resin additive. Comparable 
35 films of Example 6 containing a low level of ALATHON M-6210 HOPE in adcfition to the REGALREZ 1 139 exrtbited 
even higher yield stress and modulus values than the films of Example S containing no HOPE. The films made accord- 
ing to Example 7 were very poor in quality because of poor dispersion of the HOPE from the Example 3 maEteit>atch 
throughout the Polypropylene matrix. The films were of poor quality and exhibited poor ductility in the transverse direc- 
tion. 

40 In Example 6. the presence of low levels of HOPE inaeased effectiveness of REGALREZ 1 1 39 hydrocartwn resin 
in increasing the stiffness of the cast film. By itself. HOPE had no desirable effect because it could not be homogene- 
ously dispersed into the polypropylene during the film casting step. 

Examples 8 to 13 

45 

In Example 8 (comparative), cast films were made from Escorene 4292 polypropylene available from Exxon Cor- 
poration having a nominal MFR of 2.0 g./10 min. The films were made similar to the procedure in Example 4, using a 
casting roil was cooled with 40^C water, vnth the exception that the casting roll speed and extrusion rate was adjusted 
to produce films 3 mils thick. 

so In Example 9 (comparative), cast film samples were made according to the procedure used in Example 8 except 
that the polymer feed was a 94/6 mixture of ESCORENE 4292 polypropylene combined with the masterbatch of Exam- 
ple 1 . such that the final film contained 3% REGALREZ 1 139 hydrocarbon resin. 

In Example 10. fUms were made in the same fashion as the previous Examples with the exception that the polymer 
feed was a 94/6 m'xture of ESCORENE 4292 polypropylene and the masterbatch descnlsed by Example 2. where the 

55 final film contained 3% REGALREZ 1 139 and 0.9% ALATHON M8210 HOPE. 

The tensile properties of these fams were measured in both machine and transverse direction as listed in the table 
below. By comparing the values, it can be seen that presence of HDPE in Example 1 0 increased both the tensile mod- 
ulus and yield strength of the cast fOms as corhpared to both the unmodified polypropylene film (Example 8) and the film 
containing REGALREZ 11 39 but no HDPE (Exanple9). 
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In Example 1 1 (comparative}, cast polypropylene film was made in the same fashion as Example 8 except that the 
casting rofl speed was increased to reduce the film thichness to 1 .5 mil. 

In Example 1 2 (comparative), cast film 1 .5 mil tMck was made similar to Example 1 1 except that the polymer com- 
position was identical to that In Example 9, the tarn containing 3% f^EGALREZ 1 139. 
5. UKewise in Example 13. similar 1.5 mil film was nrtade using the polymer blend used in Example 10 where the final 
film contained 3% REGALREZ 1 139 and 0.9% ALATHON M6210 HOPE. 

Tensile properties of the f ams produced are listed in the talsle below. Comparing Examples 8 to 1 3. the tensile mod- 
ulus ol the thin films was not increased to the same degree as the modulus of the thicker films by the addition of either 
REGALREZ 1 139 resin or resin combined with ALATHON M6210 HOPE. Example 12 compared to Example 13 dem- 
10 onstrates no additional effect on tensile modulus from addition of HDPE along with REGALREZ 1 139 resin. 



15 



20 



Example 


Additive 


Film Thickness 


%RR-1139 


%HDPE 


Tensile Modulus 
(Kpsi) MD/TD 


Yield Suess(Kpsi') 
MD/TD 


8(oomp.} 




3.2 mils 






112/112 


3.02/2.86 


9(comp.) 


6%.1 


3.3 mils 


3 




117/120 


2.89/2.79 


10 


6%. 2 


3.0 mils 


3 


0.9 


141/128 


3.39/3.11 


1 1 (comp.) 




1.S mil 






98/99 


2.75/2.67 


12 (comp.) 


6%. 1 


1.6 mil 


3 




103/107 


2.73/2.66 


13 


6%. 2 


1.7 mil 


3 


0.9 


108/110 


2.67/2.64 



Comparing Examples 8 to 1 3, it Is seen that for each polymer composition reducing the film thickness decreased 
the tensile modulus of the uitin^te film. As the film thickness is reduced, the polymer melt is cooled faster and crystal- 
lization is forced to occur at lower temperatures. TTus effect impedes the ability of the polymer to crystallize which leads 

30 to lower modulus values in the thin cast films. 

It was noted that the higher modulus vsUues obsen^ed for films containing both REGALREZ 1 1 39 hydrocartxin r^in 
arxJ ALATHON 1^6210 HDPE could only be developed under limited conditions of fQm thickness combined with casting 
roll temperature. Reducing film thickness or k>wering the casting roll temperature tx>th have the effect of impeding the 
ability of the polymer to crystallize from the melt, and both conditions greatly reduced effectiveness of low levels of ALA- 

35 THON M&210 HDPE for nrxxJifying the mechanical properties of cast polypropylene film. The synergistic effect from 
adding HDPE along with hydrocartx>n resin to cast polypropylene film formulations appears related to the effect of the 
HDPE on the crystallization of the polypropylene during the film casting step. This effect is not acNeved by generic addi- 
tion of low levels of HDPE into the formulation. The desired effect is affected by the type of HDPE added, the degree of 
dispersion of the HDPE into the polymer melt, and the crystallization conditions during the film casting step. It is highly 

40 desirablB to use a [Hydrocart>on resin + HDPE] mastert>atch formulation which is much less sensitive to film casting 
conditions than the formulation of Example 2. 

ExarTple8l4t0l7 

45 In Example 14. a Wend consisting of [50% REG/VLREZ 1 139 hydrocarbon resin + 15% ALATHON H561 1 HDPE 
(Lyondeil) -i- 35% ESCORENE 4292 PP] was melt compounded and extruded into pellet form in the same fashion as 
the concentrate products of Examples 1 and 2. 

In Example 15. a similar concentrate blend was made except that ALATHON hl5i2l was the HDPE type added at 
a 15% level. 

50 Example 16. was a similar mastert>atch containing 12.5% AI^THON HS234 HDPE while in Exairple 1 7 the mas- 
terbatch contained 12.S% ALATHON H5618 HDPE. Blends represented by Examples 14 to 17 exhibited faster solidifi- 
cation of the extruded strand than the blend without HDPE. represented by Example 1 . and both coukJ be peOetized 
more efficiently. These types of HDPE are injection molding grades ol polymer, and differ from the M6210 grade of 
Exanrple 2 as desaibed below. 

55 
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Example 


REGALREZ 1139 Con- 
tent 


HOPE Content 


HOPE Melt Ind (ASTM 
0-1238) 


HOPE Density {gfom^ 


5 


2 


50% 


15%AUVTH0N M6210 


1.0 


0.962 




14 


50% 


15%ALATH0N H6611 


11.0 


0.956 




15 


50% 


15%ALATHONH5112 


12.0 


0.951 


10 


16 


50% 


12.5%ALATHON 
H5234 


34.0 


0.952 




17 


50% 


12.5%ALArH0N 
H5618 


18.0 


0.956 



15 



M6210 grade is a higher MW extrusion grade HOPE. The higher MW can negatively affect the ability of the polynxer 
to be uniformly dispersed in a blend and rt can slow the crystallization of the dispersed HOPE in such a blend under last 
cooling conditions as when thin cast f ilns are mada 

20 

Examples 18 to 25 

In Example 18 (comparative), a 2 mil thick cast film was prepared from ESCORENE 4292 polypropylene In the 
same manner as the fdms of Examples 4 to 7 by casting the melt onto casting rolls cooled by 50^0 water. 

25 In Example 1 9 (comparative), a film was prepared in a similar manner as Example 1 8 from a tAend of ESCORENE 
4292 PP with 7% of the 50% REGALREZ 1 139 hydrocartxm resin concentrate described in Example IB. 

In Example 20. a cast PP film was prepared according to Example 18 from ESCORENE 4292 PP with 7% of the 
masterbatch of Example 14. containing 50% REGALREZ 1 139 + 15% ALATHON H661 HOPE. 

In Example 21, a sirrolar film was prepared from a blend of ESCORENE 4292 PP with 7% of the mastertjatch of 

30 Example 15 containing 50% REGALREZ 1 139 + 15% ALATHON H51 12 HOPE. Tensile properties of these cast films 
were measured as listed in the table below. It can be noted that the films containing REGALREZ 1139 h>drocartx>n 
resin exhibited significantly higher tensile modulus while the films made from the mastertiatches containing ALATHON 
H661 1 or H51 12 HOPE in addition to REGALREZ 1 139 hydrocarbon resin exhibited even higher modulus values along 
with higher tensile yield stress values. 

3S In Exanptes 22 to 25 cast films were prepared in an identical fashion as the films of Examples 1 8 to 2 1 except that 
the water to the casting roll was 40*C instead of SO°C. The tensile properties of these films were measured and com- 
pared to the values of the previous Examples in the table below. The lower casting roll temperature causes the treated 
melt to aystallize at a lower temperature and reduces the uftimate level of crystallinity. This effect in tum leads to lower 
ter«ile modulus and yietd stress values as measured in Examples 22 to 25. In Example 24, containing ALATHON H 

40 6611 HOPE in addition to 3.5% REGALREZ 1139. the cast film retained the highest modulus and yield stress values 
while the film of Example 25. containing ALATHON H5112 HOPE, exhibited somewhat tower values. The film of Com- 
parative Exanrple 23 containing 3.5% REGALREZ 1 139 with no added HDPE. exhibited a smaller increase in tensPe 
modulus and yield stress relative to film made from 100% ES(X>RENE 4292 PP (Comparative Example 22) than the 
films additionally containing HDPE. In these previous Examples the addition of REGALREZ 1 139 stiffened up the cast 

45 polypropylene films, while the films additionally containing 1 .05% HDPE were even stiffer. The influence of the HDPE 
is likely a synergistic effect on the crystallization of the polypropylene during the film casting step. ALATHON H6611 
which is a highly orystalline HDPE (0.966 density) was partkailariy effective in this applicatbn. 



so 



55 



11 



EP 0 798 884 A2 



5 


Example 


Additive 


Cast Temp. 


Film 
Gauge 
(ml) 


%RR-1139 


%HDPE 


Haze(%) 


Modulus 
(KpsO 
MD/TD 


Yield 
Stress 

(Kpsi) 
MD/TD 




18(oofnp.) 




SO^'C 


1.9 






7.8 


106/112 


2.98/3.00 




19(comp.) 


7%. IB 


50»C 


2.0 


3.5 




6.9 


127/125 


3.19/3.07 


10 


20 


7%. 14 


so-c 


1.6 


3.5 


1.05 


5.9 


133/138 


3.42/3.48 




21 


7%. 15 


5(rc 


1.9 


3.5 


1.05 


5.5 


136/134 


3.46/3.38 




22(comp.) 




40»C 


2.0 






4.3 


100/98 


2,76«.64 


IS 


23(comp.) 


7%. IB 


40*'C 


1.9 


3.5 




2.4 


113/115 


2.93/2.80 




24 


7%. 14 


40*C 


2.0 


3.5 


1.05 


2.5 


133/133 


3.34/3.21 




25 


7%. 15 


40«C 


2.0 


3.5 


1.05 


2.6 


120/120 


3.10/3.08 



20 



Exampigs 26 to 33 

In Examples 26 to 29 cast PP films were made according to the procedure of Examples 1 8 to 2 1 except that /Vmoco 
2S 82-672 1 Y polypropylene was used arxf the casting roll water was 35*'C. 

In Examples 30 to 33 cast PP films were made according to the previous four examples except that the casting roll 
water was increased to 42«C. The 82-6721 Y polypropylene is a 7.5 g710 min. MFR grade made by Amoco for cast PP 
film applications. Properties measured for these films are listed in the table below. 

30 



45 



Exarrple 


Additive 


Cast Temp. 


Film 
Gauge 
(ml) 


%RR-1139 


%HDPE 


Haze/Gloss 
(%) 


Modulus 
(Kpsi) 
MD/TD 


Yield 
Stress 
(Kpsi) 
MD/TD 


26 (comp.) 




35*C 


1.9 






3.8/77 


112/111 


2.83/2.83 


27 (conp.) 


7%. IB 


35*^0 


1.8 


3.5 




3.0/80 


115/124 


2.92/2.97 


28 


7%. 14 


35"C 


1.8 


3.5 


1.05 


5.1/81 


144/143 


3.36/3.38 


29 


7%. 15 


35-C 


1.8 


3.5 


1.05 


4.6/82 


137/138 


3.21/3.27 


30 (comp.) 




42«C 


2.0 






6.1/71 


113/111 


2.93/2.93 


31 (comp.) 


7%. IB 


42*0 


2.0 


3.5 




5.7/70 


124/126 


3.06/3.11 


32 


7%. 14 


42*0 


1.7 


3.5 


1.05 


4.6/81 


151/148 


3.62/3.59 


33 


7%. 15 


42*0 


1.7 


3.5 


1.05 


4.8/79 


139/140 


3.43/3.36 



The cast PP films containing only REGALREZ 1 139 additive exhibited marginally higher yield stress and modulus 
so values, while the fOms additionally containing 1.05% HDPE exhibited significantly higher values. Again /OATHON 
H661 1 grade HDPE with a 0.966 density was particularly effective in combination with REGALREZ 1 139 hydrocarbon 
resin for stiffening the cast PP film. 

Exflmplgg34tp49 

55 

In Example 34 (comparative), a cast PP film was produced from Amoco 82-6721 Y polypropylene in a manner sim- 
ilar to Exanrple 26 except that the casting roll water was set at 28*C. 

In Example 35 (comparative), a film was made as in Exanple 34 except that 7% of the REGALREZ 1 139 master- 
batch of Example 1 B was blended with the polypropylene. 
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In Example 36. a fibn was made similar to the previous Example where the masteibatch added is described tyy 
Exanple 14. containing ALATHON H661 1 HOPE in addition to the REQALREZ 1 139. 

In Example 37. a film was made simSar to the previous Examples where the mastertatch added is desaibed by 
Example 16. contairang 12.9X> ALATHON H5234 HOPE In addition to the REGALREZ 1 139. 
. 5 In Example 38, a film was made sinutar to the previous Examples where the masterbatch added is described by 
Example 17. contiurong 12.5% ALATHON H5618 HOPE in addition to the REGALREZ 1 139. 

In Examples 39 to 43 cast PP films were prepared in the same fashion as thef9ms of Examples 34 to 38 except 
that the temperature of the cooling water to the casting roll was increased to 50"C. The tensile properties of the f Oms 
prepared in these Examples are listed in the table below. 

10 



20 



30 



Exanple 


Additive 


Cast Tempi 


Rim 
Gauge 
(ml) 


% RR-1 139 


%HDPE 


Haze/Qoss 
(%) 


Modulus 
(KpsO 
MD/TD 


Yield 
Stress 
(Kpsi) 
MD/TD 


34(compL) 






28"C 


1.3 






1.2/85 


102/105 


^.69/^58 


35(comp.) 


7%, 


IB 


28"C 


1.7 


3.5 




0.9/90 


124/121 


3.08/3.01 


36 


7% 


14 


28»C 


1.7 


3.5 


1.05 


4.4/61 


134/130 


3.29/3.20 


37 


7%. 


17 


28»C 


1.5 


3.5 


1.05 


3.4/79 


132^137 


3.30/3.27 


38 


7%, 


18 


28*C 


1.5 


3.5 


1.05 


3.2/82 


126/132 


3.14/3.06 


39 (comp.) 






50»C 


1.5 






10.5/44 


124/125 


3.17/3.16 


40 (comp.) 


7%, 


IB 


50»C 


1.9 


3.5 




13.0y60 


. 135/137 


3.34/3.26 


41 


7% 


14 


50*C 


1.7 


3.5 


1.05 


4.2/79 


179/169 


4.16/4.05 


42 


7% 


17 


50»C 


1.5 


3.5 


1.05 


3.3/83 


158^158 


3.82/3.66 


43 


7% 


18 


WC 


1.5 


3.5 


1.05 


3.aTO 


175/165 


4.09/3.89 



/Vs noted in previous Examples, adding REGALREZ 1139 hydrocartx^n resin to the polypropylene formulation 
Increased the stiffness of the cast PP films prepared from the mixture, and incorporating low levels of HOPE synergis- 
ms tiza\[y increased the stiffness even further. Various grades of HOPE were used in Examples 34 to 43 to modify the 
mechanical properties of cast PP films good effect under a range of film casting conditions. The HOPE materials 
were injection molding grades v^th lower molecular weight which allowed them to k>e more easily distributed into the 
polypropylene formulation, and allowed the material to crystallize more readily under fast cooling conditions. It is impor- 
tant that the HOPE incorporated in the hydrocarbon resin mastertiatch can modify the properties of cast polypropylene 
40 film even when the film gauge is thin or the casting temperature is at the low end of typical film casting conditions. 

Examples 44 to 46 

In Example 44 a RECSALREZ 1139 masteibatch formulation consisting of 40% REGALREZ 1139 hydrocarbon 
45 resin + 20% ALATHON H6611 HOPE ^ 40% ESCORENE 4292 PP was melt blended and palletized in the fashbn 
desaibed in Examples 14 to 1 7. 

In Exanple 45 a similar mastertatch comaining 40% REGALREZ 1 139 hydrocartaon resin 40% ALATHON 
H6611 HOPE +20% ESCORENE 4292 PP was prepared. 

In Example 46 a masteitxitch was prepared similar to Examples 45 and 46 by corhbining 30% ALATHON H861 1 
so HOPE with 70% ESCORENE 4292 PP. 

It was noted that masteitxitch formulations containing high levels of hydrocartxin resin solidified slowly due to the 
slower crystallization rate of the blends containing the amorphous resin. It was likewise noted that adding HOPE to 
these hydrocart)on resin masteit>atch fornrulations caused the molten blend to solidify and stiffen up faster, allowing the 
masterbatches containing HOPE to be pelletized more efiictentiy during compounding. This effect is related to the effect 
55 of the HOPE on the crystallization rate of the hydrocart)on resin mastert>atch formulations. The crystallization properties 
of several RECjALREZ 1 1 39 and HOPE masterbatch formulations in polypropylene were measured by differential scan* 
ning calorimetry (DSC) where the polymer blends were cooled from the melt at 25"C/minute down to ambiem ten^per- 
atures. the total heat of crystallization and peak crystallization temperature beng measured by this method. The DSC 
crystallization properties of several REQALREZ 1139 mastert)atch formulations wHh or without additional HOPE are 
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Example 


REQALREZ 1139 Con- 
tent (%) 


HOPE Content 


Heat of Crystallization 
(Joules^g) 


Peak Crystaliizaton 
Temperature C*C) 


ALArHONH6611 




100% 


192.8 


105.5 


ALATHON H5112 




100% 


141.5 


108.8 


Escorene 4292 PP 






80.7 


102.4 


1 (oomp.) 


50 




42.3 


91.8 


14 


50 


15% 


59,9 


97,9 


15 


50 


15% 


54.8 


92.7 




40 




49.6 


95.3 


45 


40 


40% 


92.6 


112.6 




40 


60% 


110.8 


110.8 



Compared to polypropylene. HOPE exhibits a higher heat of crystallization and faster crystallization. The faster 
crystallization rate is indicated by the smaller degree of cooling below the peak melting point of the polymer required for 
crystallization to occur in HDPE as compared to PP. In the REGALRE2 1 139 mastert^tches. those formulations con- 
2S taining HDPE in addition to REGALREZ 1 139 hydrocarbon resin exhibtted both a higher crystallization temperature and 
a higher heat of crystailization. Both effects contribute to the faster rate at which the HDPE modified hydrocaft>on resin 
mastert>atches aystallizes to the degree of stiffness needed to altow the material to be effectively peHetized. 

^tampies47tQ54 

30 

In Example 47 (comparative), a cast film sample was prepared from Amoco 10-67 11 cast film grade polypropylene 
(7.5 gVIO min. MFR) according to the procedure used in Examples 4 to 7. In this Example the cooling water to the cast- 
ing roHs during film preparatk>n was held at 40''C. 

In Example 48. a fOm was prepared in an Identical manner to Example 47 except that 6% of the mastertsatch of 
35 Example 44 was added to the Amoco 10-671 1 PR 

In Example 49. a cast film was prepared in a manner identical to the previous two Examples except that 6% of the 
mastertsatch material of Example 45 was added to the polypropylene. 

In Example 50, cast fflm was produced in the same manner as the previous three examples except the 6% of the 
masterbatch of Example 46 was added. 
40 In Examples 51 to 54 cast Polypropylene films were produced in an identical manner to the films of Examples 47 
to 50 except that ESCORENE 4292 was the polypropylene grade used. Composition and tensile properties for these 
film samples are listed in the table below. 
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5 


Exanpte 


Adcfrtiva 


PPType 


Rm. 
(ml) 


RR-1139 


%HDPE 


Haze/Gloss 
(%) 


Modulus 
MD/TD 


YieU 
Stress 
(Kpsi) 
MD/TD 




47 (oomp.) 


- 


Amoco 10- 
6711 


1.5 


• 


• 


4.3^6 


108/110 


Z82/2.93 


10 


48 


6% 44 


Amoco 10- 
6711 


1.5 


2.4 


1.2 


5.4/78 


122/122 


3.18/3.21 




49 


6%. 45 


Amoco 10- 
6711 


1.5 


2.4 


2.4 


4.4/78 


147/159 


3.84/4.05 


IS 


50 


6%. 46 


Amoco 10- 
6711 


1.5 




1.8 


6.1/77 


110/115 


3.00/3.03 




51 (oomp.) 




Escorene 
4292 


1.5 






3.6/73 


105/99 


2.87/2.79 


20 


52 


6% 44 


Escorene 
4292 


1.6 


2.4 


1.2 


2.6/85 


129/136 


3.38/3.41 




53 


6%. 45 


Escorene 
4292 


1.5 


2.4 


2.4 


2.7/83 


118/134 


3.27/3.39 


25 


54 


6%. 46 


Escorene 
4292 


1.5 




1.8 


3.0^6 


134/129 


3.65/3.49 



In cast film grade Amoco 10-671 1 polypropylene the mastert^atch of Example 45 which added an equal amount of 
30 REGALREZ 1 139 hydrocartxm resin and ALATHON H661 1 HOPE to the cast PP film composrtion was most effective 
in increasing the stiffness of the film. In the low MFR ESCORENE 4292 polymer the mastertjatch of Example 46. con- 
taining H661 1 HOPE but no hydrocar1x>n resin, was as effective as the IREGALREZ 1 139 HDPE] mastert>atches for 
increasing the modulus of the cast PP film. 

In these and all previous Examples the hydrocaitXKi resin and HDPE were blended into the polypropylene polymer 
35 during the extrusion of the polymer in the film casting process. To achieve the desired effect on mechanical properties, 
both hydrocartx>n resin and HDPE must be property dispersed In the mastert>atch. and a satisfactory viscosity match 
between the masteft>atch and polypropylene polymer exist to permit the mastertiatch components to be satisfactorily 
dispersed into the polypropylene polymer during the film extrusion process. For this reason the molecular weight or 
MFR of the HDPE polymer is an important factor as is the MFR of the (Hydrocart)on resin + HDPE] mastertjatch. Com- 
40 paring the Exanples in the previous table it is noted that adding the mastert3atch containing H6111 HDPE without 
REQALREZ 1 139 hydrocart>on resin was more effective for increasing the stiffness of the lower MFR ESCORENE 4292 
polymer (Example 54) than the same mastert>atch in the higher MFR Amoco polymer (Example 50). In the higher MFR 
Amoco polymer the masteit>atch compositions containing both REGALREZ 1 139 hydrocartxxi resin and HDPE were 
most effective for increasing stiffness (Examples 48 and 49), the masteibatch containing H661 1 HDPE without REGAL- 
ES REZ 1 139 trydrocartxm resin being only marginally effective (Example 50). In these Examples the hydrocaibon resin 
substantially increased the MFR of the mastertaatch formulation. This effect is important because an important factor in 
the ultimate effectiveness of the masterbatch is the proper viscosity match between the masteit>atch and ttie polypro- 
pylene polymer being modified which affects the ultimate distribution of the additives into the film. 

The enhanced stiffness of cast PP films modified with low levels of HDPE may resutt from the faster crystallizing 
50 HDPE in turn accelerating the aystaDization rate of the PP in the modified formulation. When cast film is made the cool- 
ing rate is very rapid, and the polymer can be quenched to a temperature low enough to prevent further crystaUization 
before the desired level of crystalGnity is developed. Faster crystalfization translates into a higher crystaUinity level and 
higher modulus in the final cast PP film. The crystallization properties of polypropylene formulations modified with the 
[hlydrocarbon resin HDPE] mastertsatches of this invention can be measured by differential scanning calorimetry 
55 (DSC). Several mocfified PP fdrmufations were analyzed by DSC where the materials were cooled from the melt to 
antbient temperatures at a 25"C/mia rate while the heat of crystallization and peak crystallization tenperature were 
measured. Crystallization properties of several PP formulations modified with ALATHON H661 1 HDPE with or without 
additional REG/UJ)EZ 1 139 hydrocarbon resin are Gsted in the table below. 
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Example 


Polypropyf ene Type 


REGIALREZ1139 
Content (%) 


HOPE Content 


Heat of CrystalBza- 
tion (Joules/Q) 


Peak Crystalliza- 
lion Temp.CC) 


47 


Amoco 10-6711 






88.4 


107,6 


49 


Amoco 10-6711 


2.4 


2.4% 


90.0 


112.1 


50 


Amoco 10-6711 




1.8% 


91.6 


111.4 


51 


Escorene4292 






76.6 


108.0 


53 


Escorene4292 


2.4 


2.4% 


82.0 


112.9 


54 


Esdorene 4292 




1.8% 


62.6 


112.1 



Normally adding hydrocartxin resin to polypropylene reduces the peak crystallization temperature and reduces the 
heat ol crystBllization by the same p^centage anrx»jnt as the % of amorphous resin added. In the Examples listed in 
the prenous table the hydrocartxin resin modified formulations containing ALATHON H661 HOPE exhibited both a 
20 higher heat of crystallization and higher peak crystallization tenperature. Likewise polypropylene formulations modified 
with only H661 1 HOPE exh2)ited the same effect This effect can facilitate the development of higher levels of crystal- 
linity in cast PP films where the ultimate crystallization level is strongly influenced by the rapid cooling occurring during 
the film casting process. 

25 Examples SS to 58 

In Example 55. a cast Polypropylene film was prepared from HD642H polypropylene, a cast film grade of polymer 
manufactured by Borealis, (Copenhagen. Denmark). The film was cast according to the procedure of Example 4 where 
the polymer was extruded onto a chill roll having a 50**C surface temperature, and the casting, speeds were adjusted 

30 to produce cast film nominally 1 .5 mils thick. In Example 56 a film was produced in a manner similar to Example 55 
except that the polymer feed contained 7% of a REGALREZ 1 139 hydrocaTt)on resin^lypropylene concentrate, made 
according to Example 1B except that the concemration of REGALREZ 1139 in the t>lend reduced from 50% to 
40%. In Example 57 a cast PP film was made identical to the previous two Examples except that 7% of the masteft>atch 
of Example 44 was blended with the Borealis polymer. In Example 58 a similar film was made where 7% of the master- 

as t)atch of Example 45 was blended with the Borealis polymer. 

The tensile properties and barrier properties were measured for these cast films. The oompositkm of each film and 
its corresponding properties are listed in the table below for conparison. 



40 




Example 55 


Example 56 


Example 57 


Example 58 




BOREALIS HD642H PP 


100 


97.2 


95.8 


94.4 




REGALREZ 1139 resin 




2.8 


2.8 


2.8 


45 


ALATHON H6611 HOPE 






1.4 


.28 


MB Type 




Ex. IB 


Ex.44 


Ex.45 




Tensile Modulus, kpsl. MO/TD 


109/108 


126/126 


146/150 


154/159 




Yield Stress, kpai. MD/TD 


3.07/3.05 


3-24/3.21 


3.81/4.06 


3.92/4.07 


SO 


Haze(%) 


9-4 


6.6 


5.1 


4.4 




45* Gloss (%) 


58 


66 


70 


73 


55 


Moisture V^ipor Transmission (g-mil/sq. m-day). 
100*F.90%RH 


9.86 


9.08 


7.10 


6.77 


02 Permeabaity & 23"C (cc-mil/)5q.m-day -atm.) 


8840 


8630 


6700 


6730 



Examples 57 and 58 made with hydrocaibon restn masteibatch compounds addittonally containing HOPE exhib- 
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ited tensile modidus and yield strength substantially Ngher than for the poTypropytene f oontairung no added hydro- 
C8rt)on resin, and also substanfiaSy higher than the values tor the film contsu/ting 2.8% REGALREZ 1139 tftil no HOPE. 
Likewise the fflms into which HDPE was inooax>rated along with REGAU^EZ 1 139 by using masteit)atches of Exam- 
ples 44 and 45 exhibited substantially better moisture and oxygen barrier properties than comparative fOms containing 
5 no HDPE. The novel formulations of this invention provide a means to improve the barrier properties of polypropylene 
films. 

While the inventon has been described in connection with certain preferred embodiments so that aspects thereof 
m^ be more fully understood and appreciated, it is not intended to limit the invention to these particular embodiments. 
On the contrary, rt is intended to cover aD alternatives, modifications and equivalents as may be included within the 
10 scope of the invention as defined by the appended claims. 

Claims 

1 . A process Ibr producing a polydef in article comprising providing a masterbatch comprising 10 to 90 wt% high den- 
is sity pdlyettvlene and at least one mennber selected from the group consisting of potyolefin and hydrocart)on resin; 

mixing said masterksatch with polyolefin to form a polyoleftn blend; and extruding the blend to form a polyolefin arti* 
de. 

2. A process according to daim 1 . wherein the polyolefin in the masterioatch is presem at a concentration of up to 85 
90 wt.% of the total mastert)atch. 

3. A process according to daims 1 or 2. wherein the polyolefin in the masterbatch comprises a polymer comprising 
mono-alptia defin monomers contcuning 2 to 8 carlson atoms. 

25 4. A prcx^ess according to daims 1 . 2 or 3, wherein the concentration of high density polyethylene in the masterbatch 
never exceeds 40 wt% of the total masteitKttch unless the weight ratio of hydrocartson resin to high density poly- 
ethylene in the mastert>atch is at least 0.5:1 

5. A process according to any of the preceding clainns. wherein the concentration of high density polyethylene in the 
30 masterbatch never exceeds 50 wt.% of the total masterbatch unless the weight ratio d hydrocarbon resin to high 

density polyethylene in the mastert>atch is at least 0.5:1. 

6. A process according to any of the preceding daims, wherein the concentration of high density polyethylene in a 
masterbatch never exceeds 60 wt.% of the total mastert>atch unless the weght ratio of hydrocartx)n resin to high 

35 density polyethylene in the masterbatch is at least 0.5: 1 . 

7. A process aocorcfing to any of the preceding claims, wherein the masterbatch oonprlses hydrocartxin resin and the 
hydrocartM)n resin and high density polyethylene are present In a relative proportion by weight of between 0:1 to 
10:1 in the mastert>atch. 

40 

8. A process according ID any of the preceding daims, wherein the mastertsatch is palletized prior to mixing with poly- 
d^in to form the blend. 

9. A process according to daims 1 . 2. 3. 4. 5. 6 or 7. wherein the masterbatch is melt blended and pelletized prior to 
45 mixing with potydefin to form the blend. 

10. A process according to any of the preceding daims, wherein the masteit>atch comprises pdydefin and the pdy- 
olefin in the mastertsatch is conprised of alpha defin nKmomers containing 2 to 8 carbon atoms, provided ethylene 
pdymers have a density of less than 0.930 g^cm^. 

so 

11. A process according to any of the preceding daims, wherem the mastert>atch comprises polyolefin and the pdy- 
defin in the masterbatch is selected from the group consisting of polypropylene and polymers of polypropylene with 
up to 20 wt.% of monomers selected from the group consisting of ethylene and C4 to Ca nwno a olefin. 

55 12. A process accorcSng to any of the preceding daims, wherein the pdydefin blend comprises 2 to 25 wt% of the 
mastert)atch. 

13. A process accordng to any of the preceding daims, wherein the pdyolefin blend comprises 4 to 10 wt% of the 
mastert>atch. 
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14. A process according to any of the preceding daims. wherein the polyolefin blend comprises 0.3 to 4.0 wt.% high 
density polyethylene and 0 wt% up to 5 wt.% hydrocartxm resin. 

15. A process according to any of the preceding daims. wherein said high density polyethylene has a density greater 
5 than 0.935 g/cm^. 

16. A process according to any of the preceding daims. wherein said high density polyethylene has a density greater 
than 0.950 g^. 

10 17. A process according to any of the preceding daims. wherein said high density polyethylene has a density greater 
thari 0.980 g/cm^ 

IS. A process according to any of the preceding claims, wherein the masterbatch confwises a hydrocait>on resin, and 
the hydrocartxxi resin is an aliphatic compatible resin with a number average molecular weight o1 10,000 or less. 

15 

19. A process aooorcfing to any of the preceding daims, wherein the masteri>atch conprises a hydrocarbon resin and 
the hydrocart)on resin is an aliphatic oompatit}te resin having an odorless rraneral spirit [QMS) cloud point of less 
thanO*a 

20 20. A process according to any of the preceding daims, wherein the masterbatch comprises a hydrocartxm resin and 
the hydrocartxsn resin is an aliphatic oonpatible resin having an odorless mineral spirit (OMS) doud point of less 
than-40»a 

21 . A process according to any of the preceding daims. wherein the masterbatch comprises a hydrocartx)n resin and 
£5 the hydrocartxvi resin is an aliphatic compatible resin having a ring and ball softenirtg point of 100«C or above. 

22. A process according to any of the preceding daims, wherein the mastertiatch comprises a hydrocajtson resin and 
a high density polyethylene in a proportion by weight ol hydrocarbon resin to high density polyethylene of 0.5:1 to 
4:1. 

30 

23. A process according to any of the preceding daims, wherein the pdydefin blend comprises 2 to 3.5 wL% hydro- 
cartx^n resin. 

24. A masterbatch for use in the process of any of the preceding daims. 

35 

25. A polyoteftn artide obtainatjie according to the method of any of the preceding daims. 

26. The polyolefin artide of daim 25. wherein the artide is a film. 
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